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ABSTRACT: Chemical analysis of groundwater of Mandwada area confined to Barwani district, 
Madhya Pradesh in India has been carried out to determine the suitability of groundwater quality 
for the domestic, drinking, and irrigation purposes. Groundwater samples have been collected 
from different villages within the Mandwada area. The samples have been analyzed to determine, 
physical parameters like colour, odour, taste, pH, TDS, Specific Conductivity and Hardness, the 
chemical parameters such as Ca, Mg, Na, K, HCO3, CO3, SO4, and Cl. The parameters such as 
Kelly’s Ratio, Sodium Percent, Sodium Adsorption Ratio (SAR), Residual Sodium Carbonate 
(RSC) and Magnesium Adsorption Ratio have been determined. Physical analysis indicates that 
all samples are colourless odourless and tasteless. TDS values of 950-1250 ppm and Sp. 
Conductivity 580- 988 μS/cm are observed. The lowest T. D. S. is recorded as 950 ppm and 
Specific Conductivity to be 580 μS/cm in the Koydiya area. The pH values range from 7.5  to 9.7  
Chemical analysis indicates the presence of ionic values expressed in ppm of Ca (150 – 390), Mg 
(65 – 88), Na (169 – 411), K (1 - 4), HCO3 (212 - 890), CO3 (162 - 964), SO4 (169 - 901), Cl (391 
- 810).  Groundwater is of Ca Mg HCO3 CO3 SO4 type. The analyzed data have been evaluated 
and compared with standard parameters to determine the suitability of groundwater quality for 
domestic and drinking uses. Based on determination of chemical parameters such as Sodium 
Percent, Sodium Adsorption Ratio and Specific Conductivity, and plotting these values on U. S. 
Salinity diagram and Willcox diagram, the chemical quality suitability for irrigation has been 
determined as excellent to permissible in Mandwada area.        
Key Words: Chemical quality, Groundwater, Mandwada, Barwani, Madhya Pradesh     Domestic, Drinking, 
Irrigation. 
INTRODUCTION  
Water is one of the most important resources for 
the human life. It acts as an elixir of Life. Like 
many other country, India is also facing the 
problem of sustained safe water supply to the 
inhabitants. The groundwater is the only substitute 
for fresh water supply. The determination of water 
quality is essential for the proper management of 
the resource Todd (1980) described that the 
dissolved gases in groundwater can pose hazards. 
The consistency of groundwater temperature is 
advantageous for water supply. It has been 
remarked by Nag and Lahiri (2012) that ―available 
fresh water to man is hardly 0.3% - 0.5% of the 
total water available on the earth and therefore its 
judicious use is imperative‖ The fresh water is a 
finite and limited resource. Contamination of 
ground water also depends on the geology of the 
area and it is rapid in hard rock areas especially in 
lime-stone regions where extensive cavern are 
below water table .Hence, the determination of 
chemical quality of groundwater is important for 
development and prosperity of the country. The 
present paper deals with the assessment of 
chemical quality of the Mandwada groundwater for 
drinking, domestic and irrigation applications. 
Study area: 
The study area of Mandwada is located in Barwani 
district, Madhya Pradesh, it is bounded by latitude 
22° 0' N to 22° 6' N and by longitude 75° 5' E to 
75° 11' E  (Survey of India toposheet No. 46N/4, 
Figure 1), which is constituting a part of Narmada 
Valley  covering an area about 111.72 sq.km. It is 
located at a distance of 25 kilometer from Barwani 
town. Climate is generally dry except monsoon 
period. The temperature ranges from 7° to 48° C  
with an average temperature of 27 
0 
C and rainfall 
varies from 420.40 to 1288.10 mm with average 
annual as 738.18 mm Mandwada area is occupied 
by low lying plain towards the Narmada River in 
the southeast and horizontal Deccan Trap lava 
flows with small hills and mounds. It is 
characterized by the majority of erosional 
landforms. North-Western part of the area is 
covered with black cotton soil and comprises 
mostly plains, exhibiting flat topography. The 
physico-chemical quality of Mandwada 
groundwater of Barwani district, Madhya Pradesh, 
has been analyzed and described. 
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    A - MAP OF INDIA                                             B - MAP OF MADHYA PRADESH 
 
C - MAP OF MANDWADA  STUDY AREA 
Figure 1. Location Map of Mandwada area, Barwani District, Madhya Pradesh, India.  
 
GEOLOGY OF AREA 
Mandwada area constitutes a part of Deccan Trap 
Province, most extensive geological formation of 
the Peninsular India. Deccan traps have been 
divided in to three groups as Lower, Middle and 
Upper on the basis of stratigraphy and presence of 
Intra-trappings beds. Pascoe (1964) and Krishnan 
(1982) classified the Deccan traps in to three 
divisions Lower, Middle and Upper. The study area 
belongs to Middle traps. The age of Deccan Traps 
has been considered as ranging from the Upper 
Cretaceous to Lower Eocene.               
Narmada River flows through a lineament, namely 
―Son-Narmada Lineament. The presence of 
lineaments and dykes is comparatively less in study 
area. Barwani fault extends on either side of the 
Narmada River. Two types of basaltic lava flows 
separated by red bole are observed. Soil is Black 
cotton and alluvial types.  
MATERIALS AND METHODS 
Groundwater samples from Mandwada area were 
collected in polythene bottles of 1 litter’s capacity 
for physico-chemical analysis (Figure 2). The 
bottles were completely filled with dug well water. 
All details regarding water samples were marked in 
field and levels were pasted on bottles. Special care 
has been taken up for preservation, fixation and 
handling of water samples. The groundwater 
samples have been analyzed in the laboratories by 
adopting standard methods of chemical analysis. 
The water quality has been delineated on basis of 
analyzed dada. 
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Figure 2 Map of the Study Area showing Sample Location 
CHEMICAL QUALITY ANALYSIS OF 
GROUNDWATER   
The   chemical  quality  of  groundwater   is determined 
on the basis of chemical characteristics of groundwater 
samples of a particular area. The groundwater samples of 
Mandwada area were collected during pre-monsoon 
period and subjected to chemical analysis. The physico-
chemical analysis data have been displayed (Table 1). 
All the samples are colourless, odourless and tasteless. 
pH values ranges from 7.5  (Chapri, Surana and 
Mohipura) to 9.7   (Bandi) indicating normal to alkaline 
water.  Specific Conductivity from 580 μS/cm  
(Koydiya) to 988 μS/cm (Koydiya), TDS ranges from 
950 ppm (Mohipura) to 1250 ppm (Mandwada and 
Bandi). The concentration of calcium (Ca) ranges from 
100 ppm (Chhapri) to 390 ppm (Mohipura). In the 
Mandwada area, the concentration of magnesium (Mg) 
ranges from 65 ppm (Mandwada) to 88 ppm (Mohipura). 
The concentration of sodium (Na) ranges from 169 ppm 
(Mandwada) to 411 ppm (Mohipura), K+ from 1 ppm 
(Mohipura, Kaplipura, Mandwada, Koydiya, Bhutkrai 
and Surana) to 4 ppm (Chhapri).   
Table 1.  Physico-chemical parameters of groundwater of Mandwada area, Barwani, India. 
 
Sample Location  Physical Parameters Chemical Parameter (ppm) 
No. Name 
PH Colour Odour Taste T.D.S Sp.Co. Ca Mg Na K HCO3 CO3 SO4 Cl 
1 
Bandi 9.7 Color Odour Taste 1145 861 378 85 266 3 783 875 290 682 
2 
Mohipura 7.5 less less Less 1055 701 212 74 390 1 669 964 462 391 
3 
Harangone 8.0   —   —   — 1245 961 390 79 254 2 512 612 412 401 
4 
Kaplipura 9.2   —   —   — 1100 892 280 82 343 1 369 356 901 810 
5 
Mandwada 8.3   —   —   — 1250 602 350 65 169 1 813 272 211 725 
6 
Koydiya 7.8   —   —   — 1012 580 240 75 272 -- 768 469 169 691 
7 
Mohipura 9.5   —   —   — 950 663 190 88 411 -- 568 591 500 660 
8 
Koydiya 8.5   —   —   — 1246  988 350 75 372 2 212 691 312 591 
9 
Bandi 9.1   —   —   — 1250 811 238 82 365 -- 311 712 291 398 
10 
Bawdiya 7.9   —   —   — 1170 767 369 79 185 -- 489 912 312 591 
11 
Chhapri 9.2   —   —   — 1050 611 150 74 291 3 670 162 451 501 
12 
Koydiya 8.9   —   —   — 1069 968 279 78 325 -- 890 379 619 797 
13 
Chhapri 7.5   —   —   — 1190 590 100 84 259 4 771 672 711 787 
14 
Bhutkaraya 8.1   —   —   — 1202 799 263 81 402 1 451 912 311 687 
15 
Surana 7.5   —   —   — 1011 950 279 86 315 1 368 693 270 676 
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Concentration of anions such as HCO3 ranges from 
212 ppm (Koydiya) to 890 ppm (Koydiya), CO3 
varies from 162 ppm (Chhapri) to 964 ppm 
(Mohipura). The sulphate (SO4) ion causes no 
particular harmful effects on soil or plants. 
Sulphate ions varied from 169 ppm (Koydiya) to 
901 ppm (Kaplipura). The Chloride concentration 
in the area is within limit of Cl
- 
ranges from 391 
ppm (Mohipura) to 810 ppm (Kaplipura). 
Appraisal of groundwater suitability for irrigation 
purposes requires consideration of the total 
dissolved solids, the concentration of any substance 
that may be toxic to plants and the relative amount 
of certain constituents. The standard chemical 
parameters namely the calcium, magnesium, 
sodium, potassium, bi-carbonate, carbonate, 
sulphate and chloride have been determined in 
respect of 15 dug wells water sample of study area. 
The values determined in ppm (parts per million) 
were converted to equivalents per million (epm) 
and are displayed (Table2). 
Table 2 Chemical parameters of groundwater samples of Mandwada area, Barwani, India. 
Sample  Location  Ionic values expressed in epm 
No. Name 
Ca Mg Na K HCO3 CO3 SO4 Cl 
1 Bandi 18.86 6.99 11.57 0.076 12.83 29.16 6.03 19 
2 Mohipura 10.57 6.08 16.96 0.025 10.96 32.13 9.61 11 
3 
Harangone 19.46 6.49 11.04 0.051 8.39 20.99 8.57 11 
4 Kaplipura 13.97 6.74 14.92 0.025 6.04 11.86 18.75 23 
5 
Mandwara 17.46 5.34 7.35 0.025 13.32 9.06 4.39 20 
6 Koydiya 11.97 6.16 11.83 -- 12.58 15.63 3.51 19 
7 Mohipura 9.48 7.23 17.87 -- 9.3 17.29 10.41 19 
8 Koydiya 17.46 6.16 16.18 0.051 3.47 20.63 6.49 17 
9 Bandi 11.87 6.74 15.87 -- 5.09 23.73 6.05 11 
10 Bawdiya 18.41 6.49 8.04 -- 8.01 30.39 6.49 17 
11 Chhapri 7.48 6.08 12.65 0.076 10.98 5.39 9.38 14 
12 Koydiya 13.92 6.41 14.13 -- 14.58 12.63 12.88 22 
13 Chhapri 4.99 6.9 11.26 0.102 12.63 22.39 14.8 22 
14 
Bhutkaraya 13.12 6.66 17.48 0.025 7.39 30.39 6.47 19 
15 Surana 18.91 7.07 13.7 0.025 6.03 23.09 5.62 19 
PARAMETERS EVALUATION   
 Sodium Percent: 
Sodium concentration is significant criteria 
in classification of water for the delineation  
of suitability for irrigation use.  Sodium percent is determined by the formula:                                                                                                                                                                                                                                                                                                                       
Sodium % = (Na+K) x100 / Na+Mg+Ca + K 
Wilcox (1955) proposed a classification of irrigation water on the basis of sodium percentage. In Mandwada 
area, Sodium percent values are displayed in Table 3 indicating variation from 19.66 epm (Mandwada) to 47.65 
epm (Mohipura). 
Kelly’s Ratio: 
 Kelly’s Ratio is calculated by the Following formula: 
KR = Na / (Ca+Mg) 
The Kelly’s Ratio (KR) value ranges from 0.32 epm (Mandwada) to 1.06 epm (Mohipura). 
Sodium Adsorption Ratio: 
Sodium Adsorption Ratio (SAR) is computed on the basis of ionic concentration of sodium, calcium and 
magnesium by following formula (Richards 1954): 
SAR = Na / √Ca + Mg / 2 
 Sodium Adsorption Ratio (SAR) influences infiltration rate of water. In the study area, samples indicate SAR 
value ranging from 2.177 epm (Mandwada) to 6.183 epm (Mohipura).     
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Hence, our findings strongly suggest that all the  
analyzed  groundwater samples from the study area were suitable for irrigation (Table 3, Figure 6).   
Magnesium Adsorption Ratio: 
Magnesium Adsorption Ratio (MAR) is determined by the formula: 
MAR = Mg×100/ (Ca + Mg) 
Magnesium Adsorption Ratio (MAR) value ranges from 23.42 epm (Mandwada) to 58.03 epm (Chhapri). 
Total Hardness: 
Total Hardness (TH) is computed by the following formula as followed by Karanth (1996). TH = Ca + Mg 
Total Hardness (TH) value ranges from 184 ppm (Chhapri) to 463 ppm (Bandi). 
Residual Sodium Carbonate: 
Residual Sodium Carbonate (RSC) is  
determined by the following formula:  
RSC = (CO3+HCO3) – (Ca + Mg) 
Residual Sodium Carbonate (RSC) values range from -2.81 epm (Kaplipura) to 26.44 epm (Mohipura). 
Table 3 Ionic values expressed in percentage and determination of chemical parameters. 
Sample  Location   Ionic values expressed in  percentage and determination of chemical parameters    
No. Name 
Ca Mg Na+K CO3+HCO3 SO4 Cl Na % SAR MAR TH RSC KR 
1 
Bandi 50.29 18.64 31.45 62.43 8.96 28.59 31 3.218 27.04 436 16.14 0.44 
2 
Mohipura 28.18 16.21 45.29 67.61 14.28 16.4 45.29 5.878 36.51 286 26.44 1.01 
3 
Harangone 51.89 17.3 29.57 59.64 12.74 16.81 29.57 3.064 25 469 3.49 0.42 
4 
Kaplipura 37.25 17.97 39.85 30.08 27.88 33.97 39.85 4.637 32.54 362 -2.81 0.72 
5 
Mandwara 46.56 14.24 19.66 47.39 6.52 30.4 19.66 2.177 23.42 415 -0.42 0.32 
6 
Koydiya 31.92 16.42 31.55 55.08 5.21 28.98 31.55 3.943 33.97 315 10.08 0.65 
7 
Mohipura 25.28 19.28 47.65 47.81 15.47 27.67 47.65 6.183 43.26 278 9.88 1.06 
8 
Koydiya 46.56 16.42 43.28 50.99 9.65 24.78 43.28 4.708 26.07 425 0.48 0.68 
9 
Bandi 31.65 17.97 42.32 62.52 8.99 16.68 42.32 5.29 36.21 320 10.21 0.85 
10 
Bawdiya 49.09 17.3 21.44 62.37 9.65 24.78 21.44 2.278 26.06 448 13.5 0.32 
11 
Chhapri 19.94 16.21 33.93 41 13.94 21.9 33.93 4.859 44.83 224 2.81 0.93 
12 
Koydiya 37.12 17.09 37.68 47.48 19.15 33.42 37.68 4.432 31.52 357 6.88 0.69 
13 
Chhapri 13.15 18.4 30.3 48.62 22 33 30.3 4.618 58.03 184 23.13 1.03 
14 
Bhutkaraya 34.99 17.76 46.68 59.37 9.62 28.81 46.68 5.559 33.67 344 18 0.88 
15 
Surana 50.43 18.85 36.6 54.12 8.35 28.34 36.6 3.801 27.21 365 3.14 0.52 
 
GROUNDWATER QUALITY DELINEATION 
FOR DOMESTIC AND DRINKING USE 
PIPER TRILINEAR DIAGRAM 
The results of chemical analysis of groundwater 
quality determination have been represented by 
both tabular and graphic techniques. One of the 
most useful graphs for representing and comparing 
water quality analysis is trilinear diagram by Piper. 
There are number of several graphic techniques for 
showing representation of different chemical 
constituents (Todd, 1980). Trilinear diagram 
(Figure 3) displayed the percentage composition of 
various ions by grouping Magnesium, Calcium, 
Sodium plus Potassium together; the major cations 
are displayed on the trilinear diagram. Likewise, 
Sulphate, Chloride, Carbonate plus Bi-carbonate 
are grouped resulting in three groups of the major 
anions. The cations and anions are plotted in left 
and right triangles as a single point. These points 
are projected into the central diamond-shaped area, 
parallel to upper edges of central area (Piper, 1944, 
1953).  
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.  
Piper diagrams are also useful for visually described the differences of major ions chemistry in groundwater 
flow systems. The plotting of dug wells analytical data reveals the chemical facies in the study area mainly of 
two types – (1) Sodium facies and (2) Bicarbonate facies.  
Groundwater is Ca Mg HCO3 CO3 SO4 type, and suitable for domestic and drinking use. 
The plots on the Piper diagram indicate that alkaline water is found at Bandi, Mohipura, Koydiya and Chapri. 
Bicarbonate facies is founded at Mandwada and Kaplipura.The standards for delineation of water suitability 
for drinking water have been proposed by several workers including Cox (1964, 1971), National Academy of 
Sciences (1972), Indian Council of Medical Research (1975), Bouwer (1978), Indian Standards Institution 
(ISI, 1983), and World Health Organization (1993, 2004).  
Nagabhushaniah (2001) remarked that the water receives normal treatment (sedimentation, rapid sand 
filtration) before human utilization. The water quality recommendation for raw groundwater should be more 
restrictive than those for raw surface water, when some of the constituents removed or reduced in 
concentration by the treatment. A comparison of determined values of Mandwada area ground water samples 
with the recommended standard values is displayed (Table 4). 
Table 4 Comparison of Physico-chemical Parameters of Ground Water of Study Area with the 
Standard Limits Prescribed by WHO (1971, 1993, 2004), ICMR (1975), ISI (1983) and National 
Academy of Sciences (1972.). 
Quality  
Parameters 
International Standards, 
(WHO,1971, 1993, 2004) 
Indian 
Council of 
Medical 
Research, 
(1975) 
Indian Standard   
(ISI, 1983) 
National 
Academy 
Sciences 
(1972) 
Dug well 
water 
samples of 
Mandwada 
area (mg/l) 
Desirable 
Limit 
Permissible 
limit 
Permissible 
Limit 
Desirable 
Limit 
Permissible 
Limit 
Permissible 
Limits 
Turbidity 5 25 - 10 25 -  
pH 7.0-8.5 6.5-9.2 - 6.5- 8.5 6.5-9.2 5.0-9.0 7.5 to 9.7 
TDS 500 1500 500-1500 500 1500 - 950 to 1250 
Hardness 100 500 - 300 600 - 184 - 463 
Calcium 75 200 - 75 200 - 150 - 390 
Magnesium < 30 150 50-100 30 100 -    65 - 88 
Sodium - 200 - - - - 169 - 411 
Chloride 200 600 200-1000 250 1000 250 391 - 810 
Sulphate 200 400 200-400 150 1000 250 169 - 901 
Fluoride 0.6-0.9 0.8-1.8 - 0.6-1.2 1.5 -  
Nitrate  45  45  10  
In general, the ground water has partial suitability for drinking uses and public health because hardness of the 
ground water sometimes exceeds the recommended permissible limit. 
GROUNDWATER QUALITY FOR IRRIGATION PURPOSE 
U. S. Salinity Diagram U. S. Salinity laboratory (U. S. Department of Agriculture 1554) proposed diagram 
for classification of groundwater for agriculture purpose. The classification is based on values of sodium 
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adsorption ratio (SAR), thus indicating the increase hazard from total salt concentration by C1 and C2 on X-
axis and the increasing hazard due to exchangeable sodium is given by S1 and S2 on Y-axis. The values of 
SAR and specific conductivity of all samples have been plotted on the U.S. Salinity diagram (Figure 6). In 
the standard classification the C3 -S1 class of water has high salinity to low sodium water and C2 -S1 class 
indicates medium salinity to low sodium water, which is good for Agricultural purposes.  
 
 
Figure 6 Salinity Diagram for Irrigation quality. 
Wilcox Diagram: 
Wilcox diagram (1955) is displayed the classification of groundwater samples for irrigation purpose and 
diagram classified into five types such as:  
(1) Excellent to good   (2) Good to permissible (3) Permissible to doubtful, (4) Doubtful to unsuitable and   
(5) Unsuitable. 
The determined values of specific conductivity (micromohs/cm) and percent sodium have been plotted for all 
the 15 water samples (Figure 7). The diagram reveals that all the water sample full in the first category of 
excellent to permissible water. Hence, the ground water of the study area is suitable for irrigation purpose. 
 
Figure 7 Wilcox diagram for Irrigation quality. 
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CONCLUSIONS   
Chemical analysis of groundwater of Mandwada 
area indicates that groundwater is of Sodium facies 
and Bicarbonate facies. Groundwater is Ca Mg 
HCO3 CO3 SO4 type.   A comparative study with 
the standard recommended values of the 
determined values indicate that samples of study 
area are suitable for drinking purposes and public 
health. The values of Specific Conductivity (SC) 
and Sodium Adsorption Ratio (SAR) of water 
samples have been plotted in US salinity diagram, 
which gives direct indication of salinity hazard. All 
the samples fall in class C2 –S1 medium salinity to 
low sodium water  and C3 –S1 belongs to high 
salinity and low sodium category on the basis of 
the   values of Kelly’s Ratio, Sodium Percent,  
Sodium Adsorption Ratio (SAR), Residual Sodium 
Carbonate and Magnesium Adsorption Ratio 
(MAR) groundwater is suitable for irrigation 
purpose.   
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